ABSTRACT Background: Parental feeding practices are associated with children's body mass index (BMI). It has been generally assumed that parental feeding determines children's eating behaviors and weight gain, but feeding practices could equally be a parent's response to child weight. Objective: In longitudinal analyses, we assessed the directionality in the relation between selected controlling feeding practices and BMI in early childhood. Design: Participants were 4166 children from the population-based Generation R Study. BMI was measured at ages 2 and 6 y. With the use of the Child Feeding Questionnaire, parents reported on restriction, monitoring, and pressure to eat (child age: 4 y). BMI and feeding-behavior scales were transformed to SD scores. Results: With the use of linear regression analyses, there was an indication that a higher BMI at age 2 y predicted higher levels of parental restriction (adjusted b = 0.07; 95% CI: 0.04, 0.10) and lower levels of pressure to eat (adjusted b = 20.20; 95% CI: 20.23, 20.17) 2 y later. Restriction at age 4 y positively predicted child BMI at 6 y of age, although this association attenuated to statistical nonsignificance after accounting for BMI at age 4 y (b = 0.01; 95% CI: 20.01, 0.03). Pressure to eat predicted lower BMI independently of BMI at age 4 y (b = 20.02; 95% CI: 20.04, 20.01). For both restriction and pressure to eat, the relation from BMI to parenting was stronger than the reverse (Wald's test for comparison: P = 0.03 and , 0.001, respectively). Monitoring predicted a lower child BMI, but this relation was explained by confounding factors. Conclusions: Although the feeding-BMI relation is bidirectional, the main direction of observed effects suggests that parents tend to adapt their controlling feeding practices in response to their child's BMI rather than the reverse. Therefore, some components of current programs aimed at preventing or treating unhealthy child weight may need to be carefully scrutinized, especially those targeting parental food-related restriction and pressure to eat.
INTRODUCTION
Feeding practices of parents have been implicated in children's BMI and overweight (1) (2) (3) . This proposition particularly relates to the use of control in food-related situations such as regulating the type and amount of food eaten by children (restricting) or cautiously keeping track of what children eat (monitoring) (4) . Another controlling feeding strategy is parents' use of pressure generally in an attempt to improve the quantity or quality of children's food intakes by using direct prompts and having rules about what a child should eat (4) . It has been theorized that controlling feeding hinders children's ability to self-regulate food consumption and override internal cues of satiety, thereby resulting in excessive food intake (5) (6) (7) (8) . Thus far, studies have tended to support these theories (5) (6) (7) (8) , but their laboratory-based designs and small sample sizes have limited generalizability.
It is equally plausible that not only overcontrol but also a lack of parental control contribute to children's weight gain (9, 10) because children are likely tempted to overeat in our current obesogenic environment. Few longitudinal studies showed support for this hypothesis. Poor parental restriction (11) (12) (13) and monitoring (12) of children's food intakes were prospectively associated with a higher child BMI. Campbell et al (11) suggested that this relation depends on children's age with the protective effect of restrictive feeding in middle childhood fading away as children enter adolescence and become more independent. This process is consistent with that shown in a study in adolescence (14) but contrasts with research in toddlers that showed no relation between restriction or monitoring and child weight at follow up (15, 16) . Parents' pressure on their children to eat more has also been studied longitudinally with more parental pressure to eat prospectively predicting lower child BMI (12, 13) . None of these longitudinal studies tested whether there was an optimal effect of controlling feeding on child BMI (curvilinearity of associations).
Previous studies mostly focused on parents' influences on children's weight development, whereas it is entirely possible that feeding-weight associations are bidirectional. Evidence-based theories of child development (eg, attachment theory and family systems theory) have suggested that parents generally respond and adapt their parenting strategies to children's behavior and needs (17) . Only 2 studies have explored a possible bidirectionality and reported that high BMI prospectively predicted more parental control (18, 19) and less pressure to eat (18) , whereas no evidence was shown to support the reverse effect. These results contradict the previously described unidirectional studies that reported an influence of feeding practices on offspring BMI (11) (12) (13) .
The current study's aim was to examine longitudinal relations between selected feeding practices and early childhood BMI in a large population based cohort. We expected bidirectional associations with weight influencing parental restriction, monitoring, and pressure, and these feeding practices would also affect weight gain. Moreover, we expected curvilinear relations to reflect that moderate levels of controlling feeding may be associated with the healthiest weight in children.
SUBJECTS AND METHODS

Design
This study was embedded in Generation R, which is an ongoing population-based cohort from fetal life onwards (21, 22) . Pregnant women who were living in Rotterdam, Netherlands, with an expected delivery date between April 2002 and January 2006 were invited to participate during pregnancy and after the birth of their child (participation rate: 61%). Written informed consent was obtained from all participating children and their parents, and the study was approved by the Medical Ethics Committee of the Erasmus University Medical Center, Rotterdam. Information was obtained by postal questionnaires and hands-on measurements at our own research center and Child Health Centers.
Study population
Full consent for the postnatal phase of the Generation R Study was obtained for 7295 children and their parents. For the current study, we excluded children without BMI assessed at age 6 y (n = 1801; 24.7%) and those without information on parental feeding practices at age 4 y (n = 1328; 18.2%), which yielded a study population of 4166 children (57.1%). A comparison of included (n = 4166) and excluded (n = 3129) children indicated that data were more often missing in children of lower-educated mothers and with a non-Dutch background (both P , 0.001). No sex differences were shown between children with and without missing data (P = 0.13).
Measures
Parental feeding practices
Parents completed a postal questionnaire around the fourth birthday of their child which included 3 subscales of the Child Feeding Questionnaire (CFQ) (4) . The original English questionnaire was translated by using a standard forward-backward translation method (23) . Subscales of the CFQ were used to assess parental attitudes and strategies regarding the control of children's eating as follows: restriction (8 items), monitoring (3 items), and pressure to eat (4 items). Examples of items were "I intentionally keep some foods out of my child's reach" (restriction), "How much do you keep track of the high fat foods your child eats?" (monitoring), and "If my child says 'I'm not hungry,' I'll try to get him/her to eat anyway" (pressure to eat). Parents, in most cases the mothers (86.5%), answered the items on a 5-point Likert scale from 1 (never) to 5 (always). Scale scores were only calculated if $75% of items were completed. Continuous scale scores were transformed into SD scores to facilitate effect-size comparisons between scales. Research has provided good evidence for the concurrent validity of the CFQ with actual observations of feeding behaviors of mothers (24) . The internal consistency of the administered CFQ scales was moderate for pressure to eat (a = 0.66) and restriction (a = 0.73) and high for monitoring (a = 0.92).
We also assessed pressuring feeding at child age 2 y. This feeding practice was used in a cross-lagged modeling approach to estimate both directions of the pressure-to-eat-child-BMI association within the same age period. With the use of the following 5 self-report items, parents (mostly mothers) indicated what they would do if their 2-y-old child did not want to eat: 1) try to convince child to eat, 2) allow child to stop eating fairly quickly (reverse coded), 3) deprive child of something he or she likes (eg, pudding or television watching), 4) child may not leave table until plate is empty, and 5) negotiate with child (if . then .). These items (yes = 1, no = 0) were summed with higher sum scores indicating more pressuring feeding.
The internal consistency of this scale was low (a = 0.29), which was not surprising because of the small number of items and the fact that the scale has not been validated. However, the concordance correlation coefficient between the 2 measures of pressure to eat at ages 2 and 4 y was r c = 0.21, which indicated that, despite the different assessment methods and 2-y interval between assessments, these 2 measures assessed related constructs.
BMI
Children's growth characteristics were obtained at ages 1, 2, 3, and 4 y at the municipal Child Health Centers as part of a routine health care program and at 6 y at the Generation R research center. At both centers, trained staff measured children's weights and heights by using standardized procedures. Weight was measured by using a mechanical personal scale (SECA) while children were wearing underwear only. Height was measured in standing position by using a Harpenden stadiometer (Holtain Ltd). BMI was calculated as weight divided by height squared. Age-and sex-specific BMI SD scores were calculated by using the Dutch reference population (25) in the Growth Analyzer program.
Covariates Several demographic variables were considered possible confounding factors. Child factors included sex, age at CFQ assessment, and national origin, which was based on the country of birth of both parents. Maternal variables included BMI measured at study intake in early pregnancy and self-reported highest attained educational level (elementary or secondary, higher vocational, and academic), which was considered as a proxy for socioeconomic status.
Statistical analyses
In all analyses, child BMI and feeding scales were expressed in SD scores. Two sets of linear regression analyses were conducted; each set comprised 3 separate regressions, one for each CFQ scale (ie, restriction, monitoring, and pressure to eat). In the first set, we examined the relation between child BMI at age 2 y and feeding practices at 4 y of age. In the second set, we examined whether feeding practices at ages 2 and 4 y of age predicted child BMI at 4 and 6 y of age, respectively. For both sets of regressions, we present 3 models as follows: 1) unadjusted, 2) adjusted for sociodemographic covariates, and 3) further adjusted for the measure of pressuring feeding practices at age 2 y (first set of regressions) or for baseline BMI at age 2 or 4 y (second set of regressions). Covariates were only included in adjusted models if they changed effect estimates of the unadjusted CFQ-BMI association .5%. With the use of this strategy, all previously mentioned covariates were included in the adjusted model, except for child sex which did not change the effect estimate .5%.
In additional analyses, we tested whether feeding-BMI relations were curvilinear by adding a quadratic term to models.
Following preceding research (26), we conducted path analyses to estimate which direction of CFQ-BMI associations was strongest. We tested 3 path models, again for each feeding scale separately. Each path model included multiple linear regression jointly estimated CFQ-BMI associations in both directions while accounting for continuity in BMI over time. With the inclusion of both directions of the CFQ-BMI association in one model, pathways were accounted for each other and could directly be compared in strength. Wald's test was used to compare whether the BMI-CFQ association differed statistically from the CFQ-BMI association.
Finally, we applied a cross-lagged modeling approach to estimate both directions of the pressure-to-eat-child BMI association within the same age period (from ages 2 to 4 y). We could only test such a model for the pressure to eat because parental restriction and monitoring were not assessed at age 2 y. The model included multiple linear regressions that reflected pressure-to-eat-BMI associations (from ages 2 to 4 and 4 to 6 y), BMI at 2 y of age to pressure to eat at 4 y of age, and continuity in BMI and pressure to eat over time. The model also included cross-sectional correlations between pressure to eat and BMI and was adjusted for the previously mentioned covariates. An acceptable-to-good fit was determined by using a comparative fit index .0.90, and a root mean squared error of approximation ,0.08.
Multiple imputation techniques (full conditional specification) were used to account for missing values in baseline BMI (at 2 y of age) and covariates. Imputations were based on available information on all variables included in the study as well as BMI assessments at 1 and 3 y of age (27) . Analyses were performed on imputed data, and reported effect estimates were pooled results of 20 imputed data sets. Analyses were performed with STATA 12.0 software (Stata Corp) except for path analyses, which were conducted with Mplus version 7.11 software (Muthén & Muthén).
RESULTS
Characteristics of children and their parents are presented in Table 1 . The majority of children included in the study population (68%) were of Dutch origin. Mothers were relatively highly educated with 65% of them having a higher vocational or academic training. Mean (6SD) BMI (in kg/m 2 ) of mothers was 24.5 6 4.1.
Child BMI influencing parental feeding
In the first set of linear regression analyses, we examined whether child BMI at 2 y preceded feeding behavior of parents at child age 4 y ( Table 2) . A higher BMI at age 2 y was associated with higher levels of parental restriction and lower levels of pressure to eat 2 y later. These associations were not explained by possible confounding factors nor by pressuring feeding practices at age 2 y [restriction: adjusted b = 0.07 (95% CI: 0.04, 0.10); pressure to eat: adjusted b = 20.20 (95% CI: 20.23, 20.17)]. The final model suggested that the relation from BMI to restriction and pressure to eat was not attributable to any feeding-BMI association at age 2 y. Child BMI at age 2 y did not predict later parental monitoring, although the addition of a quadratic term of monitoring to the model pointed at a significant curvilinear association whereby both a low and high BMI at child age 2 y predicted lower levels of monitoring at age 4 (b-BMI quadratic term = 20.024; 95% CI: 20.04, 20.01). However, this association was attenuated by accounting for confounding factors.
Parental feeding influencing child BMI
In the second set of linear regression analyses, we examined the reverse association of whether parents' feeding behaviors predicted child BMI 2 y later ( Table 3 ). Higher levels of pressure to eat at ages 2 and 4 y predicted lower child BMI 2 y later even after accounting for potential confounders. Additional adjustment for child BMI at baseline resulted in strong attenuation of effect estimates with only the relation from ages 4 to 6 y remaining significant (b = 20.02; 95% CI: 20.04, 20.01). This result suggested that pressure to eat at age 4 y predicted child BMI at age 6 y independently of BMI at 4 y of age. Restriction at age 4 y predicted higher child BMI at age 6 y independently of confounding factors, but additional adjustment for child BMI at 4 y of age strongly attenuated effect estimates. An exploration of nonlinear effects showed a significant quadratic term of restriction on child BMI, which indicated that both low and high levels of restriction at age 4 y were related with high BMI at age 6 y (b-restriction quadratic term = 0.02; 95% CI: 0.01, 0.04). Again, the quadratic association was no longer observed after adjustment for confounders. With regard to parental monitoring, no effect on child BMI was observed in the adjusted model.
Bidirectional associations between feeding practices and child BMI
We examined path models to unravel whether each direction of the BMI-feeding association was independent and whether directions differed in the strength of the effect. Results of path models are shown in Table 4 and graphically depicted in Figure  1 . Child BMI at 2 y of age preceded higher levels of restriction (b = 0.08; 95% CI: 0.04, 0.11), which, in turn, predicted higher BMI at age 6 y (b = 0.03; 95% CI: 0.01, 0.06). This result suggested that the restriction-child BMI association had a bidirectional character, although the relation was strongest from BMI to restriction (Wald's statistic for comparison = 5.0; P = 0.03). Moreover, in line with results shown in Table 3 
DISCUSSION
Findings from this longitudinal population-based study indicate that, between ages 2 and 6 y, the main direction of the feeding-child-BMI association is from child BMI impacting on parenting. Although we showed some evidence that parents and children mutually influenced each other's behavior in the context of eating, parents primarily adapted their controlling feeding behaviors to deviations in child weight rather than causing them.
Child BMI influencing parental feeding
Our different analytic approaches dovetailed in the indication that parental feeding practices were mostly a response of parents to their child's BMI. Thus, parents' pressure to eat was commonly used in the case of a low child weight, whereas parents tended to restrict children's food intakes in response to relatively high BMI. To our knowledge, only 2 previous small prospective studies examined the possibility that child weight affects parental feeding strategies such as the pressure to eat or restriction (13, 18) . Our findings for pressure to eat were consistent with the study of Webber et al (18) in late childhood and related work of Farrow and Blissett (13) that showed that a lower birth weight of infants elicited pressuring feeding of parents. Together, these findings suggest that the response of parents on children's low weight is not age dependent but may reflect a general effect across the childhood years. Previous studies shoed no effect of child weight on parental restriction (13, 18) , possibly because of limited statistical power to detect small differences as we did in our larger sample.
The current study suggests that parents are sensitive to their child's weight and try to normalize offspring weight development by regulating eating behaviors and food intake. However, findings may also reflect parents' sensitivity to certain eating behaviors accompanying deviations in child weight. Because of the small number of studies that have examined this direction of the association, more research is necessary to confirm our findings from early childhood. Large longitudinal studies that cover birth to adolescence with frequent assessment waves will enable the examination of short-and long-term effects across different ages and can provide a comprehensive understanding of the complex relation between parents' feeding and child BMI.
Parental feeding influencing child BMI
In accordance with some previous studies on this topic (11-13), we showed that controlling feeding practices affected child weight 2 y later. The prospective restriction to BMI association disappeared when we accounted for children's BMI at the same time that restriction was assessed. This result suggested that, within the particular age range from 4 to 6 y, the reported longitudinal association reflected a preexisting association at age 4 y from which we could not infer conclusions about directionality. We also showed no evidence for an optimal level of restrictive feeding. Thus, although scholars regularly posit that both a lack of restriction and overrestriction contribute to child obesity (5, 28), the current study did not support this hypothesis.
In contrast to our findings, several earlier studies reported that parental pressure to eat was not associated with child BMI (14-16, 18 ). This inconsistency may be explained by our larger sample size, which allowed us to detect small effects of child BMI on parental pressure. Differences in findings may also be explained by dissimilar age ranges and follow-up periods. For instance, Rodgers et al (18) reported that parents' pressure to eat in 2-y-olds was not related to child BMI at age 3 y, although it did predict more fussiness and less enjoyment of food. These results suggest that parental feeding impacts children's eating behaviors, but the effect on BMI may not appear until later. The effect of pressure to eat on child weight may be explained in several ways. Intuitively, the reported negative association might suggest that the use of pressure to eat did not have the effect parents probably anticipated; parents mostly used pressure to eat to increase their child's food intake and enhance weight gain. However, we could not rule out that parents prevented Path models including associations between parental feeding behavior and child BMI in both directions (n = 4166) a worsening of weight problems in their children. If parents had not pressured their children to eat, offspring's BMI at follow-up may well have been lower than now observed. Another possible explanation is that controlling feeding practices have a counterproductive effect through the compromising of children's development of self-regulation and inner responses to hunger and satiety cues (5, 6) . Pressure to eat may also increase children's adversity to eating (8) . Evidence that eating behaviors and the regulation of food intake are largely shaped in preschool years and remain stable thereafter (20) may explain that we showed an effect of parental control on child BMI in early childhood, whereas some studies in older children reported no association (14, 18) . Parental monitoring preceded lower child BMI at follow-up, but this relation was explained by sociodemographic variables and maternal BMI. Indeed, lower-educated, overweight mothers of immigrant background use different feeding practices than do mothers from more-affluent backgrounds (29) , whereas their children also have highest risk of overweight because of a range of environmental risk factors (30, 31) . Thus, the lack of accounting for confounding factors in some studies may explain mixed reports on the effect of parental monitoring (12) (13) (14) (15) (16) 18) . Although the sociodemographic variables included in our study should be considered confounders, it was also possible that disadvantaged children's overweight risk partly resulted from parents' lack of monitoring. This possibility suggests that socially disadvantaged mothers may benefit from health education about the positive effect of guiding children's food intakes combined with teaching these mothers how to better monitor offspring food intake.
The current study was strengthened by its population-based design and a thorough examination of both directions of the feedingchild-BMI association by using different approaches. Ideally, the CFQ would have been assessed repeatedly to enable an examination of both directions of the association within the same age window by using the same measure. Furthermore, the measurement of a broader spectrum of feeding beyond controlling feeding would have provided a more-comprehensive picture of parental influences in the context of eating. Also, the CFQ assesses only "overt" restrictive feeding (32) (ie, directly limiting food intake). Hence, we could not be certain that the findings can be generalized to more "covert" restriction (32) such as the whole family avoiding fast food restaurants or no unhealthy snacks being stocked in the home. Another limitation was that feeding practices were assessed by maternal report only. Finally, our nonresponse analyses indicated an underrepresentation of socially disadvantaged children who are at increased risk of overweight (30) .This finding may have restricted our study's external validity if the feeding-BMI associations differed between responding and nonresponding families.
The current study indicated complex bidirectional associations between parental feeding and BMI in early childhood with a significantly stronger effect of child BMI on controlling feeding behaviors than vice versa. This result is in contrast with a recent study on general parenting in which we showed that parenting inconsistency predicted subsequent higher BMI but not the reverse in middle childhood (33) . Thus, it seems that parents may adapt their specific feeding practices to children's weight problems, whereas the adaptation of their more-general parenting behaviors is less likely. Although these studies indicated a modest impact of general and specific parenting behaviors, the influence of parents on child BMI is likely broader and involves different mechanisms including role modeling, family routines, and the provision of food and opportunities for physical activity.
Several current pediatric overweight interventions include components that focus on reducing the level of control parents exert in food-related situations, such as discouraging the use of restrictive or coercive feeding practices (34, 35) . These approaches need to be carefully scrutinized because our results suggest that such strategies may not have the desired effect because parents tend to adapt their controlling feeding practices in response to their child's BMI rather than the reverse. More broadly, these results indicate that it is important to establish not only the size but temporal directions of all behaviors that predict child BMI before intervention research to change these behaviors is planned. Finally, we recommend intervention research into the more covert mealtime habits of families that have been FIGURE 1. Path models including associations between parental feeding behavior and child BMI in both directions (n = 4166). Values represent bs derived from linear regression analyses as presented in Table 4 . Paths were adjusted for covariates (child age, child ethnicity, maternal education, and maternal BMI) and feeding strategies at child age 2 y (only child-BMI to feeding regressions) and child BMI at age 4 y (only feeding to child-BMI regressions). *P , 0.05; ***P , 0.001. FIGURE 2. Cross-lagged model of associations between pressure to eat and child BMI (n = 4166). Values represent bs derived from linear regression analyses. Model-fit indexes indicated a good model fit (comparative fit index; 0.96, root mean squared error of approximation: 0.042. Covariates (child age, child ethnicity, maternal education, and maternal BMI) were included in child BMI-to-pressure regressions and in pressure-to-child BMI regressions. *P , 0.05; ***P , 0.001. CFQ, Child Feeding Questionnaire.
